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Literature Review
Red Blood Cell Formation
One of the most essential elements in the world is oxygen. Oxygen is beneficial to almost all
living organisms on the planet. In humans, oxygen is vital for the survival of all cells, organs, and tissues.
The main function of blood is to transport nutrients, hormones, and oxygen to all cells, tissues and
organs of the body along with assisting in the removal of all waste products and harmful substances.
Erythrocytes, also known as red blood cells (RBC), are one of four components that make up blood (1).
The primary function of RBC is to carry oxygen to all tissues and return carbon dioxide to the lungs for its
removal. Typically, mature RBCs are biconcave in shape and are without a nucleus. Red blood cells
contain hemoglobin, which is the oxygen-carrying component of the erythrocyte. RBC can maneuver
themselves through tissues and the cardiovascular system in normal conditions due to their biconcave
shape, which results in appropriate perfusion of organs and tissues (2). Red blood cells are produced
through a process called erythropoiesis; that process takes place in the bone marrow of mostly long
bones. Synthesis of RBC is signaled by the hormone erythropoietin that is released by the kidneys in
response to anemia or hypoxia. After the release of erythropoietin, hematopoietic stem cells start to
produce immature erythrocytes called reticulocytes. Reticulocytes contain a nucleus and lack the typical,
biconcave shape of mature erythrocytes. Reticulocytes are released from the bone marrow and enter
the bloodstream, where they eventually mature after one or two days in circulation (3,4,5,6). Mature
erythrocytes have a life span of about 120 days, after which the entire process of erythropoiesis will
start all over again.
The central dogma of biology is a process that reveals how living organisms remain in existence.
Deoxyribonucleic acid (DNA) is transcribed into ribonucleic acid (RNA), which is then translated into
proteins. The resulting proteins are the things that are expressed/seen by the world. The DNA of any

living organism starts from the genetic makeup of its parents. For example, a child that has a certain eye
color received genetic material from both parents that influenced the final eye color of the child in
question. The same is true about an offspring’s blood and its components. Genetic information from
parents can affect the offspring’s blood type and the oxygen-carrying component of their erythrocytes.
Hemoglobin is a protein, which means that an offspring’s hemoglobin has genetic information from their
parents. Normal hemoglobin is made up of four globulin (protein) chains, two alpha and two beta units,
held together by hydrogen bonding and salt bridges. This quaternary protein structure is important for
the erythrocyte’s function, and any alternation in the protein sequence can cause impairments in the
functions or shape of the RBC.
Changes in a protein’s genetic code might cause a change in its function. Those genetic changes
are known as mutations. Different types of mutations occur in DNA and result in nonfunctioning
proteins, abnormally functioning or having normal function. Deletions, insertions, and substitutions are
the type of mutations that occur in DNA (7,8). For example, a silent DNA mutation is a mutation that
results in the change of an amino acid in the protein sequence that does not alter the expression of the
translated protein. However, a missense DNA mutation is a mutation that yields a change of amino acid
in the protein sequence that results in an abnormally functioning translated protein. The most studied
example of a missense DNA mutation is sickle cell disease (SCD).

Sickle Cell Disease
Sickle cell disease is a group of inherited disorders that affect the shape and function of
erythrocytes. The DNA mutation associated with SCD causes the normal biconcave shape of red blood
cells to change and become rigid and sickle-shaped. The sickled red blood cells will lead to multiple
problems when it is circulating through the body: strokes, pain, infections, and acute chest syndrome

are just a few of the complications related to SCD and the circulating mutated red blood cells (9,10).
There are several different types of SCD, and they all occur at various frequencies. Hemoglobin (Hb) SS,
HbSC, and HbS beta-thalassemia, 0 and +, are the most common types of SCD (9). Hemoglobin SD,
HBSE, and HbSO are the rarest forms of sickle cell disease (9). The “S” in the names of all types of sickle
cell disease represents the number of sickle cell genes inherited from the offspring’s parent(s); the “C, D,
E, and O” represent the type of abnormal hemoglobin gene inherited from the parent. Hemoglobin S
beta-thalassemia has two different forms: zero and plus; people with zero have only abnormal
hemoglobin, and those with plus have both normal and abnormal hemoglobin (11). A person diagnosed
with HbSC inherited a sickle cell gene from one parent and an abnormal hemoglobin C gene from the
other parent, this example of how sickle cell disease is inherited is consistent with all forms of sickle cell
disease.
Sickle cell disease is a problematic condition that affects approximately 100,000 Americans,
according to the Centers of Disease Control and Prevention (CDC). One of the most important risk
factors in acquiring SCD is race. Sickle cell disease is more common in people of African, Asian, Hispanic,
and Indian descent. Compared to the U.S. population of approximately 330 million, the 100,000
Americans with SCD do not seem like a significant number. However, for someone of African American
descent, SCD occurs at a rate of 1 out of every 365 births, and for people with Hispanic ancestry, SCD
occurs at a rate of 1 out of every 16,000 births (12,13). Those numbers are significant enough to
investigate cures and solutions to the disease. Since the disorder is inherited, children suffer through
the complications of the disease before adulthood. Those complications can negatively affect the
normal emotional, neurological, and physical growth of a child (14,15).
Children with SCD might require hospitalization following complications from the disorder and
tend to have a longer length of stay in the hospital when compared to children that are not affected
with SCD (16). Frequent hospital visits can result in many social issues in a developing child. Many

complications from SCD can result in hospitalization, but pain crisis seems to be the most reported
reason. Repeat hospitalizations to treat pain crises can lead to other issues in the pediatric population.
Opioid abuse and hospital-acquired infections are two of many issues that are possible when multiple
hospitalizations occur in children suffering from SCD. Children need special care due to their
continuously developing bodies.

Nutrition Requirements for Children
Nutrition is such an important part of life that it is part of Maslow’s hierarchy of needs (17).
Abraham Maslow states that food is a physiological need so vital for growth that it must be met before
an individual’s safety or esteem needs. This is the main reason why so many foundations focus on the
nutritional needs of hungry children. Feed the Children and No Kid Hungry are two of the many
foundations in America that focus on the dietary needs of children (18,19). Children have different
nutritional requirements based on their age group; this is due to the differences in the stages of
development at various ages. Teens will require more calcium than grade-schoolers due to the
increased physical growth of bone (20). Infants who are exclusively breastfed require supplementation
of 400 IU vitamin D beginning shortly after birth. Whereas infants who receive at least 32 oz. of infant
formula daily do not require supplementation (21). 600 IU vitamin D daily is recommended for healthy
children one year of age and older. Adolescent females require more iron than male adolescents to
replace losses during menstruation (20). Along with macro and micronutrient requirements for children,
there are weight-based fluid requirements that must be incorporated in the daily lives of children.
According to the Holliday-Segar formula, a child that weighs 3.5 kg to 10 kg should have an intake of 100
mL/kg of fluids per day (22). A child that weighs 11 kg to 20 kg should have an intake of 1,000 mL plus an
additional 50 mL per kilogram over 10 kg per day (22). For example, a child that weighs 14 kg should

have a fluid intake of 1,200 mL per day. Children that weigh over 20 kg should not exceed more than
2,400 mL of fluid per day; they should have an intake of 1,500 mL plus an additional 20 mL per kilogram
over 20 kg per day (22). The Dietary Reference Intakes (DRI) of vitamins and minerals during the
developmental stages of a child’s life are shown in Tables 1 and 2. Children that are diagnosed with SCD
will require even more nutritional guidance.

Nutrition Requirements for Children with Sickle Cell Disease
Children that have SCD require special/modified diets to help their growth and development
while battling the disorder. As previously mentioned, pain crisis is the main culprit of hospitalizations
for children with SCD. To prevent acute pain crisis, a diet plan to increase hydration status is

recommended. An increase in hydration status will decrease peripheral resistance, which ultimately will
increase blood flow (23). In addition, an increase in hydration status has been shown to improve
endothelial function, which leads to an increase in flow-mediation dilation (24). Children with SCD
require many micronutrients, which can help reduce the stress placed on their bodies from the disorder.
Children with SCD will require a nutrient-dense diet because of their impaired growth and body mass.
The cause of this happening is poorly understood (25). A study by Boadu and colleagues (2018) revealed
the decreased intake of certain vitamins and minerals in children with SCD. In that study, 46.7% of
participants failed to meet the requirements for vitamin B12, 45% for both vitamins A and C, and 30.8%
for zinc, while no participant met the requirement for calcium (26). There have been many studies that
evaluated the hydration status of children with SCD, but there isn’t enough sufficient data to give
recommendations of daily fluid intake for children with SCD (27). However, an assumption can be made
that repeat hospitalizations and severe pain during a sickle cell crisis can reduce the amount of
nutritional intake. Patients with SCD often have low levels of many vitamins and minerals; vitamin A,
vitamin E, and zinc, to name a few. The deficiency of the micronutrients can result in acute chest
syndrome (25). Therefore, a diet high in antioxidants, vitamins, and minerals may reduce the oxidative
stress experienced by the patient and reduce the chance of sickled cells (25). Also, supplementation
with omega-3 fatty acids can be used in patients with SCD to increase the fluidity of their RBC. This
supplementation might decrease the chances of a sickle cell crisis (25). Although there are few studies
using human models, there have been many studies using animal models that provide significant
information about the properties of fruits and vegetables that may promote vasodilation. However,
there is not enough data to support a recommended quantity of certain fruits and/or vegetables that
will promote vasodilation. Although there is no cure for sickle cell disease, research is being done to
reduce the complications of the disorder.

Nutrition Education Materials for Children with Sickle Cell Disease
Children with SCD require a different nutritional regimen than children without SCD. After
researching multiple online sources for materials specific to children with SCD, the research yielded
many references that only mentioned that children with SCD will need an increased intake of calories,
vitamins, minerals, and protein (28). In addition, no source provided detail on nutrition and its function
to reduce pain crisis or other symptoms related to SCD. Therefore, information on foods that can
reduce pain crisis will be beneficial to children with SCD. Not only will a reduction in pain crisis provide
physiological support for children with SCD, but it can also improve psychosocial needs.

Summary
SCD is a recessive genetic disorder that plagues many ethnic communities globally. This disorder
can cause many health issues such as strokes, pain crisis, acute chest syndrome, and organ damage.
These complications from SCD can be debilitating for anyone that has been diagnosed with it. Although
there are several types of SCD, research is necessary to find a cure or reduce the severity of the
symptoms associated with SCD. Children who suffer from SCD should be the focus of researchers;
children should be happy and carefree. To improve society and advance as humans, we need healthy
children to succeed the aging adults. Finding a cure to diseases like SCD will add to human
advancements. Until a cure is discovered, alternate treatments, like disease-specific nutritional plans,
will help multiple communities and society as a whole. Currently, there are online sources that give
options on reducing pain crisis for patients with SCD, but those websites don’t give focused nutritional
advice. For example, online sources might state that drinking more water, applying a heating pad, or
eating more fruits and vegetables will help reduce the pain (9). The development of a recipe book for
children with SCD will allow these individuals to reduce the occurrence of debilitating painful days. The

recipe book will provide children with SCD options to have a beverage that will promote dilation of their
blood vessels and allow the RBC to flow through the circulatory system without causing tremendous
amounts of pain if any at all.
Methods
A search of the medical literature was conducted, which includes a summary of the types and
causes of SCD and nutrition requirements for children with and without SCD. In addition, the literature
was reviewed to gather the information necessary to provide juice/smoothie recipes for children that
suffer from SCD. The recipes were originally created using the information collected from the
researched medical literature (Appendix A). For example, fruits and vegetables that promote
vasodilation and hydration were blended together to create a smoothie that will be helpful for children
that suffer from SCD (29). The following fruits and vegetables are recommended: beets, red and green
spinach, pomegranate, tart cherry, swiss chard, oranges, garlic, leafy greens (e.g., arugula, kale), beans
(legumes), walnuts, watermelon, berries, tea, almonds, chickpeas, spirulina, watercress, mango, and
sweet potatoes. Also, a combination of foods that contain antioxidants and omega-3 fatty acids that
decrease the body’s inflammatory response were used in the juice/smoothie recipe book (30). Foods
rich in antioxidants include apples, artichokes, avocados, beans, berries, cherries, dark chocolate (>70%
cocoa), dark green leafy vegetables, nuts, sweet potatoes, and whole grains. Foods high in omega-3
fatty acids include flaxseed, oily fish, omega-3 fortified foods, and walnuts. Some herbs and spices
(ginger, turmeric, garlic) have also been reported to reduce inflammation (31). The internet was the
primary source used to conduct the search. Online nutritional articles, pediatric nutritional websites,
and vitamin/mineral-focused websites took precedence over other online sources. Each recipe was
analyzed for nutrition content using Food Processor software (ESHA Research, v. 11.7) (Appendix B).
After the recipe book is completed, it will be distributed to the local children’s hospitals and the local

health department. These institutions were selected because of their involvement with the sickle cell
anemia community.
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